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Rapid and local changes in the concentration of calcium ions can have a dramatic impact on signaling pathways and cell
behavior. The papers discussed in this Molecular Biology Select reveal insights into the molecular mediators of calcium
signaling in diverse biological contexts, including cell migration,mitochondrial movement, neuronal gene expression, and
host responses to invading microorganisms.
Cells Turned On by the Flick of a Calcium Switch
Although numerous proteins involved in cell migration are regulated by
calcium ions (Ca2+), it has been unclear how Ca2+ dynamics are translated
into a migrating cell’s decision to turn a particular way in response to guid-
ance cues. According to the recent study by Wei et al. (2008), local and brief
bursts of Ca2+ at the cell’s leading edge provide a signal that steers the
migrating cells. Using confocal microscopy to collect consecutive images
of a moving cell, the authors visualized Ca2+ concentrations in human embry-
onic lung fibroblasts. They show that although the concentration of Ca2+ is
generally lower at the leading edge than at other regions of the migrating
cell, periodic bursts of Ca2+, called ‘‘calcium flickers,’’ do occur at discrete
loci at the leading edge. Moreover, when cells are exposed to a gradient of
the chemoattractant PDGF (platelet-derived growth factor) the distribution
of calcium flickers across the leading edge correlates with the direction of
turning. The authors then delve into the basis for the phenomenon and
show that calcium flickers are a response to membrane tension and result
from the opening of the stretch-activated calcium channel TRPM7. This initial
Ca2+ influx can then be amplified by release of Ca2+ from intracellular stores
in the endoplasmic reticulum. The authors’ characterization of calcium
flickers might also shed light on why background calcium levels in migrating cells are kept lower at the leading edge than
at the trailing edge. Presumably, this low Ca2+ concentration improves the ratio of signal (the calcium flicker) to noise (back-
ground Ca2+), thereby enhancing the sensitivity of the leading edge to external guidance cues. Future work may also reveal
whether calcium flickers are involved in other cellular behaviors in addition to cell migration.
C. Wei et al. (2008). Nature. Published online December 31, 2008. 10.1038/nature07577.
Miro Paints a Portrait of Mitochondrial Dynamics
When mitochondria sense an increase in Ca2+ concentration, they halt their move-
ment along microtubules. It has been proposed that this behavior helps to position
mitochondria near regions of high energy demand in the cell. Saotome et al. (2008)
now show that the GTPases Miro1 and Miro2 regulate the arrest of mitochondrial
movement in response to Ca2+. Miro proteins have two properties that make them
likely suspects for such a role—they reside in mitochondria and contain two Ca2+-
binding EF-hand domains. The authors show that when Ca2+ levels are low, Miro
proteins promote mitochondrial movement in a rat myoblast cell line. However,
when Ca2+ levels increase following stimulation of cells with the peptide hormone
vasopressin, Miro proteins promote the arrest of mitochondrial movement. However,
this arrest of movement is impaired if Miro is engineered to lack EF-hand domains.
Previous work has shown that Miro proteins regulate mitochondrial morphology; in
their current work, Saotome et al. show that mitochondrial morphology is regulated
by Ca2+. At low Ca2+ concentrations, Miro proteins promote mitochondrial fusion,
whereas at high Ca2+ concentrations, Miro proteins stimulate mitochondrial fragmen-
tation. The connection between Ca2+, Miro proteins, and mitochondrial morphology is
extended with further experiments in mouse primary cortical neurons. Specifically,
the authors show that changes in mitochondrial length and density in the dendrites that are observed following repeated
membrane depolarization depend on the ability of Miro proteins to bind to Ca2+. These findings raise the question of what
impact Miro proteins might have on synaptic function.
M. Saotome et al. (2008). Proc. Natl. Acad. Sci. USA 105, 20728–20733.
CYCLOPS Keeps an Eye on Symbionts
Legumes have the capacity to fix nitrogen from the atmosphere due to their endosymbiotic relationships with the rhizobia
bacteria that colonize root nodules. Yano et al. (2008) now report the cloning of CYCLOPS from the model legume Lotus
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japonicus, a gene that facilitates not only this symbiosis but also the infection by arbuscular mycorrhiza (AM) fungi. In so doing,
they provide new insight into how Ca2+ oscillations in the root facilitate root colonization. Ca2+ oscillations are initiated by
signaling molecules from rhizobia bacteria or AM fungi. Prior genetics work has placed calcium and calmodulin-dependent
protein kinase (CCaMK) and CYCLOPS as sequential elements in the downstream pathway mediating nodule growth and
colonization. The cloning of CYCLOPS now reveals that it is the ortholog of a CCaMK-binding protein from the legume
Medicago trunculata. The authors confirm that CYCLOPS interacts with CCaMK in vivo in L. japonicus and also show that
CYCLOPS is a CCaMK phosphorylation substrate in vitro. Interestingly, further characterization reveals a bifurcation in the
pathway downstream of CCaMK. Although CYCLOPS is essential for the establishment of symbiotic infection, roots still retain
the capacity to form nodules, as evidenced by the formation of spontaneous nodules when a constitutively active form of
CCaMK is expressed in cyclops mutant plants. This result suggests that other CCaMK effectors promoting nodule growth
await discovery. Future efforts may explore the possibility that CYCLOPS is a transcription factor enabling identification of
those genes upregulated upon its phosphorylation by CCaMK.
K. Yano et al. (2008). Proc. Natl. Acad. Sci. USA 105, 20540–20545.
CRESTing the Wave of Gene Expression
The Calcium RESponsive Transactivator (CREST) was previously identified
in a screen for factors that mediate changes in gene transcription in devel-
oping neurons in response to neuronal activity. In their new work, Qiu and
Ghosh (2008) explore the mechanism by which CREST regulates the expres-
sion of immediate early genes, specifically c-fos, in response to Ca2+ influx.
The authors conducted a yeast two-hybrid screen to identify CREST-inter-
acting proteins and pulled out a homolog of BAF250b, a protein that is found
in the BRG1 chromatin remodeling complex. Further experiments in rat
cortical neurons confirmed that CREST indeed associates with BRG1
in vivo, as well as with the histone acetyltransferase, CBP. Interestingly,
CBP and BRG1 have opposing effects on activity-dependent gene expres-
sion, with CBP facilitating c-fos expression and BRG1 suppressing it. The
authors show that in resting neurons, BRG1 promotes the recruitment of
a histone deacetylase complex to the c-fos promoter that represses gene
expression. Upon Ca2+ influx, the histone deacetylase complex is released.
This coincides with the phosphorylation of the transcriptional coactivator
CBP. Given that CREST binds to CBP and BRG1 via different domains,
the authors propose a model in which CREST links the two factors to facili-
tate the switch between repression and activation of gene expression. Future
work may reveal the consequences of specific disruptions to the CREST-
BRG1 complex for learning and memory.
Z. Qiu and A. Ghosh (2008). Neuron 60, 775–787.
Dosing the Plant Immune System with Aspirin
Although Ca2+ signals triggered by invading pathogens are essential for plants to marshal both local and systemic defense
mechanisms, recent findings by Du et al. (2009) suggest that the role of Ca2+ in plant immunity may be more nuanced. Working
in the model plant Arabidopsis thaliana, the authors characterize the role of a Ca2+/calmodulin-binding transcription factor
called AtSR1 (Arabidopsis thaliana signal responsive 1). Plants with loss-of-function alleles ofAtSR1 have elevated expression
of genes associated with systemic acquired resistance and display enhanced resistance to disease. The authors discovered
that these changes coincide with increased production of salicylic acid, a hormone that promotes disease resistance. The
mechanism by which AtSR1 regulates salicylic acid levels involves transcriptional repression of the gene encoding EDS1
(Enhanced Disease Susceptibility 1), a protein that has been shown in prior work to promote salicylic acid biosynthesis.
The authors further show that the repression of the immune response by AtSR1 is regulated by Ca2+/calmodulin. These
findings reinforce the notion that Ca2+ signals balance many different aspects of the plant immune response.
L. Du et al. (2009). Nature. Published online January 4, 2009. 10.1038/nature07612.
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